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RESEARCH MEMORANDUM

AERODYRAMIC CHARACTERTSTICS INCLUDING PRESSURE DISTRIBUTIONS
OF A FUSELAGE AND THREE COMBINATIONS OF THE FUSELAGE WITH
SWEPT—-BACK WINGS AT HIGE SUBSONIC SPEEDS

By Fred B. Sutton and Andrew Martin
SUMMARY

As part of an NACA trangonic research program, a series of wing-
fuselage combinations varying chlefly in wing plan form is being inves—
tigated. In the part of the Investigstion reported herein, three repre—
sentative model wings of the series were tested at Mach numbers up to
0.94 in the Ames 16~foot high—speed wind tunnel. All these model wings
had NACA 65A006 sections parallel to the plene of symmetry.

Force and pitching—moment data and tabulated pressure measurements
are presented for the wing-fuselage combinations and for the fuselage
alone. Downwash angles and dynamic—pressure characteristics measured
at probeble horizontal-tail locatlons are shown. Also presented are
tuft studies of the wilng—fuselage combinations, approximate effects of
wing elasticity or lift and pltching moment, and & comparison of data
from this Investigation with theory and with results from investiga—
tlons In the Langley high-speed T— by 10—foot wind tumnel utilizing the -
transonlic—bump technique.

Results show that lift-curve slopes for all the wings investigated
increased with Mach number. Compressibility effects on drag were gener—
ally small, More abrupt changes in stability occurred at lower 1lift
coefficients for the wing with 45° of sweepback and an sspect ratio of 6
than for the other wing—fuselsge combinations. Slight increases in
static longitudinal stabllity were observed at the higher Mach numbers
for all the wings Investigated.

A’ comparison of data from this investigation with that from inves—
tigations of similsr models on the transonic bump in the Langley high—
speed T— by 10—foot wind tunnel generally shows poor correlation quan—
titatively; agreement qualitatively is fair. Possible reasons for this
lack of agreement are suggested.
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Results of this lnvestigastion indicate large effects of aerocelastic
deformation on the lift—curve slqpes and on the longitudinal stability
of the models. The wing with 45° of sweepback and an aspect ratio of 6
indicated a maximum decrease ih lift—curve slope of spproximstely 30 per—
cent and s forward shift in neutral point of approximately 10 percent.
Smaller seroelastic effects were observed for the other wlngafuselage
combinations,

INTRODUCTION

A coordinated transoniec research program hes been established by a
special NACA transonic subcommitiee. An objective of this program is to
investigate the relative importance of varlous wing—plasn—form varisbles
and to provide experimental date for a wide range of wing plan forms,
particularly at tramsonic speeds. An extensive Investigation of  these
variables has been made in the Langley high-speed T— by 10—foot wind
tunnel utilizing the transoniec bump, which provides g method of testing
models at Mach numbers near unity.

In order %o obtain,data'at highér Reynolds numbers than were atitsin—

gble in the ILangley high—speed T— by 10-foot wind—tumnel investigations,
three representative model wings of the series tested 1n that wind tumnel
were tested in the Ames 16-Poot high—speed wind tunnel st Mach numbers

up to 0.9% and Reynolds numbers which varied between 2,6 and 5.1 million.
The wings were tested in combination with a Tuselage similar to the one
used in the T— by 10—foot wind-tunnel investigations. The results are
reported herein and are compared with results for three simllar model
wings tested on the transonic bump (references 1, 2, and 3).

NOTATION

The coefficlents and symbols used in this report are defined as
follows:

Cp drag coefficient <%§§>

C; 1ift coefficient( IILE
q.S

c pitching moment about the quarter chord of the wing mean aerodynamic

pitching mcmenf)

a,5¢

m

chord
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b2 -
aspect ratio <'§'>

Mach number

pressure coefficient P—Po>
do
wing area, square feet
velocity, feet per second
gerodynamic center

wing span, feet

wing chord parallel to the free stream, feet

b/ 2c2d,y\

wing mean serodynsmic chord —37———- , feet
b/=
<f o Cc dy

static pressure, pounds per square foot

dynamic pressure <-]2= pV2>, pounds per square Ffoot
lateral distance from the model plane of symmetry, feet
angle of sttack of wing-—root chord line, degrees
dowvnwash angle relative to the free stream, degrees

angle of twist of wing chord relative to the wing-root chord,
positive with trailing edge up, degrees

angle of twist at the wing tip for an equivalent linear spanwise
distribution of twilst, degrees

angle of sweepback of the wing quarter—chord line, degrees
taper ra‘bio( c t/ cr>
mass density of air, slugs per cubic foot

Subscripts

Pree—stream conditlons

SCORFIDENTLAL
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r wing root
t wing tip
u . uncorrected for tunnel—wall effects

MODEL AND AFPPARATUS

One of the model wing-fuselage combinations mounted in the Ames .
16—~foot high~speed wind tunnel.is shown in figure 1. Dimensions and
details of the various models tested are glven iIn figures 2 and 3.

The fuselage was & body of revolution with a finemess ratio of 12
modified to accommodate a sting—type model support by removing the rear
one—sixth of the body and increasing the diameter slightly at the rear
end. The increased diameter was falred forward with straight—line
elements to the polnts of tangency with the basic shape (fig. 2(a)).
These changes resulted in a fuselage fineness ratio of 10. The model
fuselage was constructed of steel and aluminum sections machined to
ghape. Ninety pressure orifices were placed along the right slde of
the fuselage at fifteen transverse sections as shown in figure 2(b).

The wings were constructed with a thin layer of a tin-bismuth alloy
over steel spars and were spproximately 30 percent as rigid as solid
steel wings of the same dimensions. One hundred pressure orifices were
installed in the right half of each wing at five sectlons parallel to
the air stream (fig. 3(b)).

A sting—type model—support system was used with a wire—resistance
strain—gage balance enclosed in the fuselage to measure 1lift, drag, and
pitching moment. Tubes from the pressure orifices in the models were
led through the model—gupport system to rmltiple manometers where the
pressure data were recorded photographically. The angle of attack was
indiceted by means of a pendulum—cperated selsyn transmitter, also
enclosed in the fuselage. Wing—tip angles were measured visuslly with
8 protractor attached to one of the wind—tunnel windows.

A survey rake used to measure downwash angles and dynamic pres—
sures was clamped to the support sting Just behind the fuselsge. The
rake was equipped with 10 calibrated pitch heads for determining down—
wash angles. Static—pressure orifices on each pltch head and 20 total—
pressure tubes were provided for the dynsmic—pressure survey. Figures 1
and 2(a) show the survey rake in place behind the model and figure 4
presents dimensions and details of the rake.

SORF DRI TAL ..



NACA RM A50J26a GSMFITENTTIAL - 5
TESTS
Test Conditions

Force and pressure measurements were maede on the fuselasge alone
and on the three wing—fuselage combinations. Angles of attack of the
wing tips were measured to determine the degree of twlst of the wings
under the serodynamic loads. Downwash angles and dynamlc pressures
were measured at probable horizontal—tail locatlons. Tuft studies
were maede of the Pflow over the wing—~fuselage combinstions.

The tests covered s Mach mumber range from 0.40 to 0.9%. The
Reynolds nmumber varied from spproximastely 3.2 million to 5.1 million
besed on the mean mserodynamic chord of the wing with an aspect ratio
of 4. The Reynolds mumber for the wings with an aspect ratio of 6
varied from approximstely 2.6 million to 4.2 million. The angle—of—
attack range was from —4° to the highest positive angles attalnable
within the structursl limits of the model wings.

Test Mach numbers were maintained within #0.5 percent of the indi-
cated values., It is estimated that angle—of-attack measurements were
accurate to +0.1° and wing~tip angles were read to *¥0.2°. Downwash
angles are estimated to be accurate to within *0.2° of the values shown.

Corrections

Induced tunnel-well effects.— Corrections for the effects of the
tunnel walls on the Induced flow angles were computed by the method of
reference 4., The corrections added to the angle of attack and to the
drag coefficient were as follows:

fa'e?

0.302 ¢,

ACp = 0.00526 C2

No corrections have been made to the downwash data for induced
tunnel-wall effects, but 1t is estimated that the magnitude of such
corrections would be spproximetely one and one-~half times the correc—
tion shown for angle of attack. No corrections have been applied to
the pressure data for induced tunnel—wall effects,
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Constriction.— Constriction effects were calculated by the methed '
of reference 5. The magnitude of the corrections is shown below: .
Corrected Uncorrected ~
Mach number Mach number L ‘i_
0.%00 0,400 -
..600 ' .600
.T00 .698 —
L] 750 . 7""7 . T:
.800 . T97
.820 .816
-840 .833 :
. 860 [ 852 )
.880 871 : -
. 900 . 888 ’
.920 + 907
.9ho .922

No account was taken of the sweepback angle of the wings in com—
puting either the induced wind—tunnel-wall effects or the constriction
corrections.

Sting interference.— In order to correct partially the drag data
for sting Interference, statlic pressures were measured at the base of -
the model fuselage. The difference, between thest measured base pres— '
sures and the free—stresm static pressure was used in conJunction with
the fuselage cross—sectional area at the hase of the model to calculate
increments that would correct the drag coefficlents approximately to
what they would be with Pree—stream static pressure at the base of the
model. The following increments, calculated in this manner, were added .
to the measured drag coefficients:

Corrected
Mach number A'CD

0. 400 0.0007
.600 0011
« 700 ' «0011
. T50 .0011
.800 .0011
.820 .0011
-840 .0012
860 .0012
880 .0013
«900 .0016
. 920 . 0017 ; r@
<940 , .0020
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The corrections were unaffected by variation of angle of sttack. The
effect of the wind—tunnel longitudinal pressure gradlent on drag was

negligible.

Aercelasticity.— The model wings Ilnvestigated deformed elastically
under the aerodynamic loads to which they were subjected. These defor—
mations, for the most part, appeared as wing bending which, for the swept
wings, caused s relative rotation of the streamwise chords, resulting in
an effective twist along the spans of the wings. In the iInterest of
making the results of the present investigation more convenlent for the
design of wings of different stiffnesses and hence subJect to different
aerocelastic effects, 1t would be desirsble to correct the present
results for aercelasticity and to thereby reduce them to rigid—wing
characteristics that could be adjusted then for the aercelastic effects
of actusl wings of any stiffness; or albternatively, to describe the
elastic deformation of the test wings so that their deformed shapes
could be used as the starting point from which to adjust for- the aero—
elastic effects of any actual wing. Unfortunately, it has been impos—
sible to do either with any degree of exactness. However, an approxi—
mation of the aerocelastic twist of the test wings and their effects on
the slopes of the lift curves and the pitching-moment curves for the
model wings used in this investigation are shown in figures 5 and 6.

The spanwise variations of twist shown by the solid lines in
figure 5(a) were calculated on the basis of the elastic properties of
the model wing structures, assuming linear spanwise distribution of
1ift. PFigure 5(a) also shows an assumed linear twist distribution for
the wings tested. It was found by the method of reference 6 (Weissinger)
that the linear twist dilstribution shown is approximately equivalent to
the calculated twist distributions in its effect on the aerodynsmic
characteristics of the wings. This linear distribution wes used in
conjunction with the measured wing—tip deflection angles, the measured
1ift on the wings, and the free—stream dynamic pressure to calculate
the equivalent wing—tip twist per unit 1ift coefficient shown 1n figure
5(b) for various Mach numbers. It is to be noted that the resulting
values of equivalent wing—tip twist shown in figure 5(b) are spproxi-—
mately 20 percent larger than the measured values.

To obtaln a measure of the effect of the elasticity of the model
wings on the 1ift and moment characteristics, the computed character—
istics of rigid wings are compared with the observed characteristics
of the elastic models. The starting point was the elastic wing at a
1ift coefficient of 0.2 for which (1) the angle of attack and pitching—
moment coefficients were known from the present experimental investi—
gation, and (2) the magnitude of the equivalent tip twist was determined
from Pigure 5(b). Next, for a rigid wing having this twist, the angle
of attack and the pitching—moment coefficient for zero 1ift were calecu—
lated by meens of the charts of reference 6, The lift—curve and the

SCONEIDENTTAL
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pltching-moment—curve slopes for the rigid wing were then computed from
the following relations:

(dCI.> - 0.2
4% Jrigia %.2 = %

<:ESE - cmo.a ~ Oy

4Cr, /rigia 0.2

where the subscripts refer to the 1ift coefficients at which the values
were taken. These rigid—wing values were then compared with the meas—
ured elsstic—~wing values for zero 1ift. The comparisons are shown in
figure 6 as the ratios of rigid—wing to elastic~wing lift—curve slopes,
and as the difference between rigid-wing and elastic~wlng pitching—
moment—curve slopes.

The results in figure 6 include such viscous effects as appeared
in the elastic—wing data over the 1ift interval used in the computation
of the rigid—wing characteristics (1ift coefficient O to 0.2). The
results of figure 6 are believed to be appliceble at moderately higher
1ift coefficients as long as the wing 1ift and pitching—moment charac—
teristics remain approximately linear. However, these results will not
apply when the wing characteristics depsrt from linearity since thils is
an indication of an appreciable change in viscous effects.

No coryections have been made to the drag data for the deformation
of the model wings under the alr loads.

Balance interaction.~ No corrections were made for interaction of
1ift and pitching moment on the bslance drag readings since the degree
of interactlon varied during the investigetion. In general, this effect
was small and caused the drag readings to be slightly high at the higher
1ift coefficients. Interasction between the other balance components
was negligible., While the preclsion of the force and moment data is not
indicated, the data presented herein, with the exceptlon of a few points
at high 1ift coefficients, are plotted withln the accuracy of the strain—
gage balance,

Tares.—-Corrections were made throughout the angle—of—attack range
to account for the static tares due to the weight of the model.

GONFT DERTYAL>
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RESULTS AND DISCUSSION
Pressure Messurements

The pressures measured on the fuselage and on the three wing—
fuselsge combinations are presented in coefficient form in tables I to
VII. Each teble shows the pressure coefficients at various stations on
the wings or the fuselage for varlous Mach numbers and angles of sattack.
The designations of the wilng and fuselage stations used in the tables
are shown in figures 2(b) and 3(b). Teble I shows the pressure coef-
ficients measured on the fuselage alone. Tables IT, IIT, and IV show
pressure coefficlents on the fuselage when in combination with the three
different wings. Tables V, VI, and VII show pressure coefficients on
the three different wings in combination with the fuselage.

To expedite publication of these results, the pressure data have
not been anelyzed. However, typical plots of pressure coefficients
megsured at 75 percent of the semispan on the wing having 45 of sweep—
back and an aspect ratio of 4 are shown in figure T for several Mach
numbers.

Basic Aerodynamic Characteristics

Lift, drag, and pitching-moment characteristics of the three swept—
back wings in combinstion with the fuselage are presented in figures 8,
9, and 10 without correctior for elastic distortion under aerodynamic
load. The variation of 1ift coefficient with angle of attack is shown
in Pigure 8. Due to structural limitations of the models, maximum 1ift
was not reached for any of the models. 'The varistion of pitching moment
with 1ift is shown in figure 10. At low Mach numbers, the wing with 450
of sweepback and an aspect ratio of 6 became very unsteble at a 1ift
coefficient of spproximstely O.45; whereas comparsble changes in sta—
billity are delayed on the other wings to a 1ift coefficient of approxi-
mately 0.6. The force and moment data for the fuselage alone are pre—
sented in figure 11, The coefficients are based on the total wing area

and on the mean aerodynemic chord of the wings having an aspect ratio
of 6.

Lift-Curve Slopes

-

The variations of lift—curve slope with Mach number at a 1ift coef-—
ficient of 0.2 are shown in figure 12 for the three wing—fuselage com-—
binations. Measured slopes, measured slopes corrected for aerocelastic

@ONETDENTIAL
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effects, the transonic-bump date from references 1, 2, and 3, and the
theoretical varlations of the lift-curve slopes with Mach nunmber are
shown. The theoretical variations of lift—curve slope with Mach number
were calculated by the method of reference 7, using an application of
the Prandtl-Glaunert rule. These theoretical variations were then
applied to the slopes which were measured at 0.40 Mach number and cor—
rected for aeroelastlc effects.

Lift—curve slopes generally increased with Mach number for all the
plan forms tested; however, a reversael of this trend is indicated at the
highest Mach number of the tests. The theoretical variastion of 1lift—
curve slope with Mach number was less than the messured variation cor—
rected for elasticity.

The data from this investigation show some qualitative agreement
with the transonle—bump data of references 1, 2, and 3, but agreement
is poor quantitatively. It 1s believed the lack of agreement is due,
at least In part, to the low Reynolds numbers of the bump tests and to
the basic limitations of the bump method of testing (reference T).

The effects of aeroelastic distortion on the lift—curve slopes
were large. At the highest Mach number of the test, the model distor-
tion caused a 30-percent reduction in lift—curve slope of the wing with
45° of sweepback and an aspect Patio of 6. Smaller effects were calcu—
lated for the other wings. These results serve to emphasize the impor-
tance of seroelastic effects on the aerodynamic charscteristics of thin
swept-back wings, not only from the standpcint of obtaining reliable
data from wind—tummel tests, but also with regard to the performance of
the airplene. For example, the structure of the model wing with 450 of
sweepback, an aspect ratio of 6, and NACA 65A006 sections was such that
its flexibllity was about the same as the flexibility of a geometrically
similar airplane wing designed for a wing loading of 60.pounds per
square foot and a load factor of 5. The other two model wings were
considergbly less flexible in comparison with typical alrplane construc—
tion. Since the dynemic pressure at the highest Mach number of the
tests corresponded to a flight altitude of 15,000 feet, it is evident
that aircraft flying at high subsonic speeds and moderate altltudes may
be. susceptible to large effects of sercelastic deformations. All the
performance parasmeters of the airplane which depend upon the spanwise
distribution of 1ift will be affected, including the lift—curve slope,
longitudinal stebility, induced drag, downwash distribution, and wing
bending moments.

Static—Longltudinal Stabllity

The verlation of the stability parameter dCp/dCr, with Mach number
is shown for 0.2 1ift coefficient in figure 13. Measured data, measured
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data corrected for aerocelasticity, and data from the transonic-bump
tests reported in references 1, 2, and 3 are presented. Aeroelastic
effects were large, causing a maximum increase of pltching-moment—curve
slope of 0.097 for the wing with 45° of sweepback and an aspect ratio
of 6. This increase is equivalent to a forward shift of the neutral
point of almost 10 percent of the mean aerodynamic chord. In general,
statlic longitudinal stabllity corrected for aerocelastlclity increased
with Mach nunber for all the plan forms investigated. The wing with
450 of sweepback and an aspect ratio of 4 and the wing with 35° of
sweepback and an aspect ratio of 6 indicated large staebility increases
at the higher Mach numbers, In general, stability results from this
investigation are in poor agreement wlth those from the transonic—bump
tests. The transonic-bump data indicate large decreases 1n stability
beginning at 0.2 to 0.3 1lift coefficlents for the various plan forms;
whereas the data presented in figure 10 show instability beginning at
0.4 to 0.6 1ift coefficients. The probable reasons for these differ—
ences have been discussed in the section on lift-curve slops.

Drag

The varlations of drag coefficient with Mach number at 1ift coeffi-—
cients of 0, 0.2, and 0.4 are presented in figure 1L for the three wing—
fuselage combinations. Data from this investigation are compared with
transonic—bump data from references 1, 2, and 3. In general, Mach
number effects on the drag coefficients over the speed range of this
investigation were smell; the drag—divergence Mach number was not
reached for any of the wings. It is believed that the decreages in
drag coefficient with increasing Mach number shown at the higher 1ift
coefficient are partially due to aerocelastic deformation of the wings.
Drag coefficients from thils investigation are considerably lower than
the values shown in references 1, 2, and 3. The drag data, presented

herein, on the whole agree more closely with results from other inves—
tigations of similar and nearly similar wing-fuselage configurations

than do the transonic-bump data (reference 7).
Dowrwash and Dynamic Pressure

Downwash angles and gradients are shown for the wing—fuselage com—
binations in figures 15 and 16. Downwash gradients were maximum near
the extended plane of the wing chord and decreased with increase in
distance above this plane. The gradients shown (fig. 16) were measured
12 inches.from the plane of symmetry of the model. Measurements msde 6
inches from the plane of symmetry of the model (fig. 15) show the effect
of the fuselage on the wing wake,

SCONELDENTTAT >
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The results of the dynamic—pressure surveys are shown in figure 17,
They indicate that at the higher Mach mumbers the dynamic pressures at
the center of the wing wake were approximately 10 to 15 percent less
than free-~stream dynamic pressure. The vertical displacement of the
wake center with increase in angle of attack 1s apparent.

Tuft Studies

Figures 18, 19, and 20 show tufts on the three wing—fuselage com—
blnations. The pictures indicate the spanwise boundary—layer flow due
to sweepback and the stall progression from the tip imward with increase
in angle of attack. The leading—edge type of separation common to thin
wings with small leadlng-—edge radii is also indicated.

CONCLUSIONS

The results of this investigation indicate the following conclu—
sionsg:

1. In general, lift—curve slopes for all the wings investigated
increased with Mach number. Compressibility effects on drag coeffi—
clents were generally small., More abrupt changes in stgbility occurred
at lower 11ft coefficilents for the wing with 45 sweepback and an aspect
ratio of 6 than for the other wing—fuselage combinations. Slight
increases in static—longitudinal stability were observed at the higher
Mach numbers for all the wings Iinvestigated.

2, A comparison of data from this investigation with those from
investigations of simllar models on the transonic bump in the Langley
high-speed T— by 10—oot wind tunnel showed generally poor correlation
quantitatively; agreement qualitatively was falr, It is believed that
the lack of agresment was due, at least in part, to the low Reynolds
numbers of the bump tests and to inherent limitations of the bump method
of testing.

* 3. Results of this investigation indicate large effects of serc—
elastic deformation on the lift—curve slopes and on the longitudinal
stability of the models. The wing with h5 of sweepback and an aspect
ratio of 6 underwent a maximum decrease in lift—curve slope of approxi-—
mately 30 percent and a forward shift of the neutral point of spproxi-—
mately 10 percent., Smaller aerocelastic effects were observed for the
other wing—fuselsge combinations. . :

Ames Aeronautlcal Laboratory.,

National Advisory Committee for Aeronautics,
Moffett. Fleld, Calif.
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TABLE I.— PRESSURE COEFFICIENTS ON THE FUSELAGE ALONE.
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TABLE IV.— CONCLUDED.
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surfaoce . sufece surface surface surface
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A2.3 N .01k -.197 -00 . —.089 —-.080 - -.120 —.028 ~172 [
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0.7 -.0k2 -265 —08 —219 -165 —. 145 ~.218 —067 —.e81 -.0%
50,50 8.7 -021 -109 - 0Lo - —-.0k0 =051 -.08L 010 -.16 —009
k2.3 -.020 - -.033 -.012 - Oho -, 048 -0 :ose - 150 -, OM0
0.7 -026 -.ogg -.030 -5 -.03% -035 - 080 —029 -.130 -~ 05
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ke.3 0 -018 -013 - 018 —01h -018 —019 - 010 —030 -010
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. 8. —.00h - - —.020 - - 029 -.00 - 020 ~.008 -0
3630 hzg -~.002 -.3?3 -.og - 028 -.Og - —.009 -.018 - 002 -
70.7 016 [} -.025 —.00% .010 - ~.001 —.008 —.00L —-
55,50 8.7 009 .008 -009 ~.010 —020 —080 —015 —.00% -01% 003
42.3 001 .00, -.010 —010 -02) —.021 -.015 .00% —-.010 - 009
70.7 001 0 —015 —018 —0120 —010 —015 —ais -015 -013
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TABLE V.— PRESSURE CQEFFICIENTS ON A WING HAVING A SWEEPBACK ANGLE

OF 45° AND AN ASPECT RATIO OF 4 IN COMBINATION WITH A FUSELAGE.
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(b) M,0.60.
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NACA RM A50J26s,

GONFTDENT AT —=

Sting model support

Basic fuselage A Sta 100.00
contour \ /l\ /7.S‘arvey rake
Sta £3.38
Sta 78.75

i

TN

/ Sta 50.00

lI
Momenﬁ
center

f+;
\/

%25 % chord line

All dimensions

in inches.
Y Sta 0.00
—i /2.00 =
6.00- |~ {
Radius g
N
Nofte:

Basic
fuselage
coordinates

Sta

Radius

0.00

0.00

2.50

0722

- 5.00|
7.50

[.205
/1.613

10.00

1.971

15.00

2.593

20.00
25.00
| 30.00 |
35.00

3.090
3.465
3.74/
3.933

40.00

4.063

45.00

4./143

50.00

4.167

55.00

4./130

60.00

4.024

65.00

3.842

70.00

3.562

75.00

3./128

80.00

2.526

85.00

1.852

90.00

/.125

95.00

0.439

100.00

0.00

As actually used the basic fuselage was
modified to provide sfing clearance by increasing
the radius at sta 83.38 to 2.25 inches and
fairing forward with straight-line elements fo the
points of fangency with the basic shape.

(a) Dimensions and coordinates.

Figure 2—~General arrangement of model/ showing a typical wing-
fuselage combination with survey rake in position and fuselage

details.
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TYIINTITINGS

O 0 DO OOV DVVOVVDD
o S 38 SSR833RR8R8R
Q ~ SS$NQ
s RAQJ aamemTrvaneg
5
70.7% Rod™"1 42.3% Rad
8.7% Rad

Typical fuselage station showing
pressure orifices as installed
from stations 10.00 to 59.50.

Note :
All dimensions in inches,
except as noted.
(b) Fuselage pressure-orifice locations. 22~

Figure 2.- Concluded.
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A

- Moment cenfer

)
A | WL S —
0.25-chord Il@ —')\‘\ o ' \-\
N ‘ |
a) Wing 4, 45%; A,4. (b) Wing 4 35% A6 (c) Wing 4, 45° A4, 6
Wing | A b o ¢y 5 P P 3

(a) | 06 |60.000|18.750 | 11.250 |15.313 |18.438|13.750 | 6.25
b} | 06 |73.485\15310 | 2190 |12.503|15.62116.840|6.25
c) | 06 |73.485|15.310 | 8.190 |12.503|20.669 16,840, 6.25

Notes, }
(1) Wing sections parallel to free sireom are NAGA 654006 for all wings.
(2) Wings are mounted at zero angles of incidence and dihedral.
(3) All dimensions in inches and areas in square fsel.

v

(a) Dimensions and details.
Figure 3.- Wing plan forms,
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Wing A, 45°; A, 4. ' Wing A, 35°; A, 6. Wing A, 45°% A,6.

Nofle:

Twenty pressure orifices were installed af each wing slation as follows: 0, 5, 10,
20, 30, 40, 50, 60, 70, 80, and 90 % wing chord on the upper surface and 10,
20, 30, 40, 50, 60, 70, 80, and 90 % wing chord on the lower surface.

(b) Wing pressure-orifice locations. N
Flgure 3.— Concluded.
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/See details below

~——6.00

¢ .
Fuselage

A

N
200 B o
) Y
5
N |
S
T e S
E . e P N r?_
Fuselage [~——=—-=-

equally spaced

400 -—1
/.50 ,-f"ié"
= ~

] -
:f\," /S';afic orifices \(\"ﬁ
Detaills of pitch heod

Total pressure tubes \

Sling clamp

Nole:
All dimensions in inches.

Figure 4.~Survey rake details and dimensions.
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SCONFTDENTIAL NACA RM A50J26s

l2
il
10 —
Calculated fwisl—q\ /ﬁ,/ e
s 8 Pay!
> 114
S NV |27 |Equivalent
e 6 iy @ linear twist
5 A1355 :6 r
E 4 A,45% 4,6 e |
2 Z /\ °
/,%/ =4, 45°% A,4
L V '
o W Z

0 10 20 30 40 50 60 70 80 90 100
Percen! semispan, r4

(a) Spanwise twist distribution.

O ,//
3

S /0

‘lg“ , g

S? L

3 -

Q g /] =
: )

S 495546 Y| | LA =
by L1

s 2 4, 35%4,6 /: —

g . A,45%4, 4 L1 _
3 L1 L L
g O

o N 2 3 4 b 6 7 g 9 47
Mach number, M

(b) Variation of equivalent twist with Mach number assuming linear twist
distribution.

Figure 5.—Wing twist due lo elasticity for the three wing-fuselage
models under the condifions of test.
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1.6

ol 2 T T T T
S| 3 T4, 45°; A, 6
~ -~
~| *® / -A, 35°: A 6
-1 t4 P4 ¢4
HE e
: S //_ /‘/
|
S18 /e / / / L
Qi s : |
213 ',é/_f |
NS —
~ig r0

0n

g -0 —
:° )

< ? -08 v

™ S ,/

S Pz

N O - 2
e % -06 _ —

N A\

T pd

3 < /’ YA, 45°; A, 6

L S -04 4 - 2

§ 2 — /— A, 35°% A, 6

g S A A, 45°% A, 4

[~ E o / //,
P80 /] — |

S = * I

S E T

T
~ 3 4 5 6 7 8 9 LO

Mach number, M

Figure 6.— Effect of aeroelastic twist on the lift- curve and
pitching - moment - curve slopes for the three wing - fuselage
combinations.
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Q
3 Surface ay
.3 Upperlower deg
S 6 © @ 0
'f.°; A A 2
G . ' by 4
. o D B 6
3 py 6 o g
o'? -8 I N\J\
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o n =W R S
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Percent chord
fa) M, 0.60 and 0.70.

Figure 7.— Chordwise distribution of pressures on a wing having
a sweepback angle of 45° and an aspect raltic of 4 in
combination with a fuselage. 75 %, semispan.
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N
-2 \u
2,
4
Q
T 49
2 Surface ay
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:;’ .6 Lo 04 0
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(b) M, 0.75 and 0.80.

Figure 7 .—Conlinued.
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Pressure coefficient, P

Percenl chord

fc) M, 0.84 and 0.88.

Figure 7.— Continued.
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Figure 7.—Concluded,
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Figure 8.—Lift characiaristics for the three wing-fuselage combinations.
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Figure 8 ~Conltinued.
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Figure 8.—Concluded.
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Figure 8.—Drag characteristics for the three wing-fuselage combinations.
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Figure 10~Pitching - moment characiteristics for the three wing - fuseloge combinations.
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Measured data

— — Measured data corrected for aeroelasticity

----- Langley 7x10 transonic-bump data, references [, 2, & 3
—-—.—Theoretical variation, method of reference 7
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Figure 12— Effect of Mach numberon the liff-curve slopes of the three wing-
fuselage combinations. C,, O.2.
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Measured data
------- Langley 7x/0 transonic-bump data, references [ 2, & 3
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